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INTRODUCTION 

The F i she ry  Conservat ion and Management Act of 1976 (FCMA) d e c l a r e d  
a F i she ry  Conserva t ion  Zone (FCZ) w i t h i n  which a l l  f i s h e r i e s  except  f o r  
h igh ly  migra tory  s p e c i e s  o f t u n a s  are t o  be managed. 
t h e  r e g u l a t i o n  of f o r e i g n  f i s h i n g  a c t i v i t y  w i t h i n  t h e  FCZ, a band of  200 
n a u t i c a l  m i l e s  bo rde r ing  a l l  c o a s t s  of t h e  U.S. and i t s  posses s ions ,  
through t h e  v e h i c l e  of F i she ry  Management P lans  (FMP). F i s h i n g  f o r  
h igh ly  mig ra to ry  tunas ,  however, is exempt from r e g u l a t o r y  measures 
au tho r i zed  by t h e  FCMA. 

The FCMA mandates 

A common method, perhaps t h e  most common method of  f o r e i g n  f i shermen,  
of f i s h i n g  f o r  t unas  i s  t h e  l o n g l i n e .  I n  a d d i t i o n  t o  tunas  t h e  l o n g l i n e  
c a t c h e s  o t h e r  l a r g e  p e l a g i c  p r e d a t o r s  such as  b i l l f i s h e s  and s h a r k s  whose 
h a b i t a t s  o v e r l a p  t h o s e  of t h e  tunas .  The n o n s p e c i f i c  n a t u r e  of l o n g l i n e  
c a t c h e s  c r e a t e d  a problem of f i n d i n g  a way t o  r e g u l a t e  f i s h i n g  f o r  b i l l -  
f i s h e s  wi thout  i n t e r f e r i n g  wi th  tuna  f i s h i n g  o p e r a t i o n s .  The P re l imina ry  
Management P lan  which p rov ides  i n t e r i m  r e g u l a t i o n s  f o r  b i l l f i s h e s ,  s h a r k s ,  
wahoo, Acanthocybium s o l a n d r i ,  and mahimahi, Coryphaena h ippurus ,  u n t i l  
t h e  FMP f o r  t h e s e  s p e c i e s  is developed, handles  t h e  problem by d e c l a r i n g  
n o n r e t e n t i o n  zones w i t h i n  t h e  FCZ. In  t h e s e  zones a l l  b i l l f i s h e s  caught  
beyond a s p e c i e s  quota  a r e  t o  be  r e tu rned  t o  t h e  sea whether t hey  are 
a l i v e  o r  n o t .  

The e f f e c t i v e n e s s  of a p o l i c y  of  n o n r e t e n t i o n  as a conse rva t ion  mea- 
This  s tudy  r e p o r t s  on t h e  s u r e  depends upon t h e  number of l i v e  releases. 

numbers of l i v e  and dead b i l l f i s h e s  by s p e c i e s  caught  on a series of long- 
l i n e  sets and i n v e s t i g a t e s  some of t h e  f a c t o r s  which may be r e l a t e d  t o  a 
f i s h  be ing  a l i v e  o r  dead a t  t h e  t i m e  o f  boa t ing .  
P a c i f i c  Ocean are: swordf i sh ,  Xiphias  g l a d i u s ;  s a i l f i s h ,  I s t i o p h o r u s  
p l a t y p t e r u s ;  s h o r t b i l l  s p e a r f i s h ,  T e t r a p t u r u s  a n g u s t i r o s t r i s ;  s t r i p e d  mar- 
l i n ,  

B i l l f i s h  s p e c i e s  i n  t h e  

- -  T. audax; b l a c k  mar l in ,  Makaira i n d i c a ;  and b l u e  mar l in ,  - M. n i g r i c a n s .  

SOURCES AND DESCRIPTION OF DATA 

Data were ob ta ined  from t h r e e  sou rces :  t h e  Honolulu Labora tory  (HL), 
t h e  Far  Seas F i s h e r i e s  Research Labora tory  (FSFRL) of Japan,  and t h e  South- 
e a s t  F i s h e r i e s  Center  (SEFC) o f  t h e  Nat iona l  Marine F i s h e r i e s  Serv ice .  The 
d a t a  from HL came from d e t a i l e d  r eco rds  o f  e x p l o r a t o r y  l o n g l i n e  f i s h i n g  
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exped i t ions  i n  t h e  P a c i f i c  Ocean between 1950 and 1970 i n c l u s i v e  from 
s h i p s  ope ra t ed  by o r  c h a r t e r e d  by t h e  HL. The d a t a  from FSFRL and SEFC 
were sununaries of l i v e  and dead b i l l f i s h e s  on l o n g l i n e  gea r .  The d a t a  
from Japan were c o l l e c t e d  on e x p l o r a t o r y  r e s e a r c h  e x p e d i t i o n s  i n  t h e  
P a c i f i c  and A t l a n t i c  Oceans du r ing  t h e  pe r iod  1952-66. The d a t a  from 
SEFC were c o l l e c t e d  by U.S.  obse rve r s  p laced  on commercial Japanese  long- 
l i n e  vessels f i s h i n g  i n  t h e  A t l a n t i c  Ocean and t h e  Gulf of Mexico d u r i n g  
1978. Spec ies  of b i l l f i s h  caught  i n  t h e  A t l a n t i c  Ocean are: swordf i sh ;  
A t l a n t i c  s a i l f i s h ;  l o n g b i l l  s p e a r f i s h ,  - T. p f l u e g e r i ;  wh i t e  mar l in ,  - T. 
a l b i d u s ;  and b l u e  mar l in .  

On t h e  HL f i s h i n g  e x p e d i t i o n s ,  d e s c r i p t i o n s  of each l o n g l i n e  se t  
were s y s t e m a t i c a l l y  recorded i n  d e t a i l  by h igh ly  t r a i n e d  obse rve r s .  
Recorded in fo rma t ion  used i n  t h i s  s tudy  are: 

1. 

2.  

3. 

4.  

5 .  

6. 

7. 

8. 

9. 

1 0 .  

11. 

Date. 

Loca t ion .  

Desc r ip t ion  of gea r  d e t a i l s .  

Beginning and ending t i m e s  of each set .  

T i m e  each baske t  w a s  hauled.  

Sea-surface tempera ture  a t  pos i ton  of f i r s t  baske t  hauled.  

Spec ie s  of each f i s h  caught .  

S i z e  ( l eng th ,  weight ,  o r  bo th)  of some of t h e  f i s h  caught .  

Sex of some of t h e  f i s h  caught .  

P o s i t i o n  of hook on which f i s h  w a s  caught .  

Condi t ion of  f i s h  a t  t i m e  o f  boa t ing ,  e.g. ,  a l i v e ,  dead, s h a r k  
damaged. 

Typ ica l ly  the l i n e  w a s  se t  b e f o r e  dawn and r e t r i e v a l  began a t  noon. 
R e t r i e v a l  t i m e  depended upon t h e  number of b a s k e t s  s e t ,  t h e  amount of  
breaks  and t a n g l e s  of t h e  l i n e  encountered du r ing  hau l ing ,  and t h e  number 
of l a r g e  f i s h  caught .  The l e n g t h  of t h e  ma in l ine  w a s  384 m (210 fathoms) 
p e r  baske t .  
f l o a t l i n e  was 1 8 . 3  m (10 fathoms) except  when i t  w a s  v a r i e d  expe r imen ta l ly .  
The number of evenly  spaced hooks i n  a baske t  v a r i e d  from 6 t o  2 1  b u t  w a s  
6 most of t h e  t i m e .  The l e n g t h  of t h e  gangions w a s  i n v e r s e l y  r e l a t e d  t o  
t h e  number of hooks i n  a baske t  t o  prevent  a d j a c e n t  hooks from t a n g l i n g .  

S i x t y  b a s k e t s  were used on most sets. The l e n g t h  of t h e  

On a s t anda rd ized  l o g  f o r  l o n g l i n e  sets t h e  obse rve r  r o u t i n e l y  
desc r ibed  t h e  gea r  v a r i a b l e s  such as t h e  number of b a s k e t s ,  number of hooks 
per  baske t ,  and l e n g t h  of f l o a t l i n e s  f o r  each set. H e  recorded  t h e  t i m e s  
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f o r  t h e  beginning  and t h e  ending of t h e  gear  s e t t i n g  o p e r a t i o n .  During 
t h e  r e t r i e v a l  p rocess  he  recorded t h e  t i m e  when each buoy w a s  brought  i n .  
S ince  t h e  b a s k e t s  of gear  are sepa ra t ed  by t h e s e  buoys, t h e  t i m e s  r ep re -  
s e n t  t h e  s t a r t  and end of t h e  hau l ing  of each baske t .  The obse rve r  a l s o  
c a r e f u l l y  monitored t h e  hooks as  they  were r e t r i e v e d  so t h a t  he  knew which 
hook and which baske t  caught  any g iven  f i s h .  

Sea-surface tempera tures  w e r e  measured w i t h  a bucket  thermometer t o  
accompany t h e  thermograms which were obta ined  j u s t  b e f o r e  l i n e  r e t r i e v a l  
began. 

F i sh  were weighed on a s t e e l y a r d .  The f i s h  weights  are expected t o  
have va ry ing  amounts of e r r o r  depending on t h e  sea s t a t e  and r o l l  charac-  
ter is t ics  of t h e  s h i p .  The e r r o r  is  presumed t o  be  small and unbiased .  
Sex of t h e  f i s h  w a s  determined by examinat ion of t h e  gonads. 

TREATMENT OF DATA 

Chi-square tes ts  and a n a l y s e s  of  v a r i a n c e ,  whichever w a s  a p p r o p r i a t e ,  

s i z e ,  
were a p p l i e d  t o  HL d a t a  t o  de te rmine  i f  t h e  p r o p o r t i o n  of  f i s h  which 
reached t h e  s h i p  a l i v e  w a s  a s s o c i a t e d  wi th  t h e  fo l lowing  v a r i a b l e s :  
sex ,  species, l o c a t i o n ,  t i m e  of yea r ,  dep th  of  c a p t u r e ,  and f i s h i n g  t i m e .  
P o s s i b i l i t i e s  of i n t e r a c t i o n s  among v a r i a b l e s  a f f e c t i n g  t h e  p r o p o r t i o n  of 
l i v e  f i s h  were n o t  i n v e s t i g a t e d  because of i n s u f f i c i e n t  d a t a .  Data from 
t h e  o t h e r  two sources  were no t  d e t a i l e d  enough t o  be  inc luded  i n  t h e  ana ly-  
ses above. They were compared w i t h  d a t a  from t h e  HL, however, t o  de te rmine  
i f  t h e  p ropor t ions  of l i v e  f i s h  from t h e  t h r e e  sou rces  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t .  

Loca t ions  of c a p t u r e  were grouped i n t o  t h r e e  broad zones f o r  t h e  ana ly-  
ses. The t h r e e  a r e a s  are: n o r t h  of l a t .  10"N, 1O0N-1OoS, and sou th  of  10's. 

T i m e  of yea r  w a s  grouped i n t o  q u a r t e r s  of t h e  yea r  beginning  w i t h  
January.  

Depth of c a p t u r e  w a s  de r ived  from d a t a  on p o s i t i o n  of t h e  f i sh -ca t ch ing  
hook and l e n g t h  of t h e  f l o a t l i n e .  Depth from hook p o s i t i o n  w a s  c a l c u l a t e d  
from t h e  c a t e n a r y  model assuming a d i s t a n c e  of 293 m (160 fathoms) between 
buoys. This  d i s t a n c e  was t h e  median of d i s t a n c e  between buoy measurements 
by Murphy and Shomura (1953, 1955) .  The l e n g t h  of t h e  f l o a t l i n e  w a s  added 
t o  t h e  depth  c a l c u l a t e d  from hook p o s i t i o n .  Three main sources  of e r r o r  
which cause  t h e  approximated depth  of c a p t u r e  t o  d i f f e r  from t h e  real  dep th  
of c a p t u r e  are: (1)  v a r i a b i l i t y  i n  t h e  d i s t a n c e  between buoys i n  which case 
t h e  ove res t ima t ions  should equa l  t h e  unde res t ima t ions ;  ( 2 )  c u r r e n t s  caus ing  
t h e  l i n e  t o  hang a t  some a n g l e  o t h e r  than  v e r t i c a l ,  i n  which case a l l  e r r o r s  
would be ove res t ima tes ;  and (3)  f i s h  g e t t i n g  caught wh i l e  t h e  l i n e  w a s  be ing  
set o r  r e t r i e v e d  and n o t  wh i l e  i t  w a s  a t  i t s  maximum depth ,  i n  which case 
a l l  e r r o r s  would be  ove res t ima tes .  For t h e  ch i -square  tes t  t h e  dep ths  w e r e  
grouped i n t o  t h r e e  c a t e g o r i e s :  
fa thoms),  and g r e a t e r  than  129 m. 

0-74 m (0-40 fathoms),  75-129 m (41-70 
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F i s h i n g  d u r a t i o n  is d e f i n e d  i n  t h i s  s tudy  as t h e  l e n g t h  o f  t i m e  
d u r i n g  which a hook may c a t c h  a f i s h .  It i s  a v a r i a b l e  a s s o c i a t e d  w i t h  
each i n d i v i d u a l  hook and does n o t  refer t o  t h e  t i m e  t h e  e n t i r e  gea r  is  
i n  t h e  water n o r  t h e  d u r a t i o n  of t h e  l o n g l i n e  e x p e d i t i o n .  
l a t e d  by s u b t r a c t i n g  t h e  t i m e  a t  t h e  end of t h e  set  from t h e  t i m e  t h e  
f r o n t  end of t h e  baske t  c o n t a i n i n g  t h e  hook reached t h e  s h i p .  

It w a s  c a l c u -  

RESULTS 

Species  

The HL d a t a  inc luded  o b s e r v a t i o n s  on 933 b i l l f i s h e s .  The p e r c e n t  
l i v i n g  a t  t i m e  of b o a t i n g  ranged from 18% f o r  s a i l f i s h  t o  54% f o r  s t r i p e d  
mar l in  (Table 1). A h i g h l y  s i g n i f i c a n t  ch i -square  i n d i c a t e d  t h a t  t h e  
p r o p o r t i o n  l i v i n g  i s  dependent on species. S t r i p e d  m a r l i n ,  however, w a s  
t h e  o n l y  species having a s i g n i f i c a n t l y  d i f f e r e n t  pe rcen tage  a l i v e .  When 
t h e  s t r i p e d  m a r l i n  d a t a  w e r e  excluded, t h e  ch i -square  v a l u e  w a s  6.42 
(0.2 > P > 0.1). 

Table 1.--Numbers of l o n g l i n e  caught  b i l l f i s h e s  a l ive and dead by s p e c i e s .  

Spec ie s  Al ive  Dead 
Pe rcen t  

a l i v e  

S a i l f i s h  
S h o r t b i l l  s p e a r f i s h  
Black m a r l i n  
B l u e  m a r l i n  
S t r i p e d  mar l in  
Swordfish 

10 46 1 7 . 9  
36 76 32.1 

9 26 25.7 
110 2 68 29.1 
170 14  2 54.5 

1 6  24 40 .0  
x2 = 62.48,  d . f .  = 5 ,  P 0.01 

Areas 

A s  mentioned ea r l i e r  t h e  l o c a t i o n s  of  c a p t u r e  were grouped i n t o  t h r e e  
c a t e g o r i e s :  n o r t h  of l a t . l O O N ,  10"N-lOOS, and sou th  of 10"s. Except f o r  
b l u e  m a r l i n , c a t c h e s  f o r  the  area sou th  of l a t .  10"s were too  small f o r  
s t a t i s t i c a l  t e s t i n g .  For a l l  s p e c i e s  t h e  p e r c e n t  a l ive i n  t h e  n o r t h e r n  
area was smaller than  t h a t  i n  t h e  e q u a t o r i a l  area (Table 2 ) .  Only i n  t h e  
case of t h e  b l a c k  m a r l i n ,  however, w a s  t h e  d i f f e r e n c e  between t h e  areas 
g r e a t  enough t o  b e  s i g n i f i c a n t .  

Seasons 

The numbers a l i v e  and dead are t a b u l a t e d  by s p e c i e s  and t h e  ch i - squa re  
tests i n d i c a t e d  t h a t  t h e  p e r c e n t  a l i v e  w a s  independent of t h e  t i m e  of  yea r  
(Table 3 ) .  

I- - -  
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Table  Z.--Numbers of  longl ine-caught  b i l l f i s h e s  a l i v e  and dead by  areas. 

Spec ie s  
L a t i t u d e  L a t i t u d e  L a t i t u d e  

n o r t h  of  1 0 ° N  10°N- lOOS s o u t h  of  10°S 
Alive  Dead Al ive  Dead A l i v e  Dead 

S a i l f i s h  6 32 4 9 0 5 
S h o r t b i l l  s p e a r f i s h  7 22 29 47 0 7 
Black m a r l i n  5 25  3 1 1 0 
Blue m a r l i n  69  201  28 38 13  29 
S t r i p e d  m a r l i n  34 35 136  106 0 1 
Swordfish 7 15 9 9 0 0 

S a i l f i s h  = 1.38, d . f .  = 1, 0 . 2 < P < 0 . 3  
S h o r t b i l l  s p e a r f i s h  Xx2 = 1.83, d . f .  = 1, 0 . 1 < P < O . 2  
Black mar l in  
Blue m a r l i n  
S t r i p e d  m a r l i n  
Swordfish 

x2 = 6.67 ,  d . f .  = 1, P C O . 0 1  
x2 = 7.39,  d . f .  = 2,  0 . 0 2 < P < 0 . 0 5  
x2 = 1.04,  d . f .  = 1, 0 . 3 < P < 0 . 5  
x2 = 1 .36 ,  d . f .  = 1, O . Z < P < 0 . 3  

Table  3.--Numbers of longl ine-caught  b i l l f i s h e s  a l ive  and dead by q u a r t e r s  
of  t h e  yea r .  

Spec ies  
Jan .  -Mar. Apr. -June July-Sept.  0ct.-Dec. 

Alive Dead Al ive  Dead Alive Dead Al ive  Dead 

S a i l f i s h  4 8 0 2 1 6 1 4 
S h o r t b i l l  s p e a r f i s h  22 21  8 1 3  6 4 0 11 
Black m a r l i n  2 3 2 4 3 3 2 1 
Blue m a r l i n  42  1 0 9  1 7  46 28 75 2 3  38 
S t r i p e d  m a r l i n  103  64 24 1 9  1 2  15 31 44 
Swordfish 4 5 6 6 2 8 4 5 

S a i l f i s h  = 0 .14 ,  d . f .  = 2,  0 . 9 0 < P < O . 9 5  
S h o r t b i l l  s p e a r f i s h  ;2 = 1 .56 ,  d . f .  = 2 ,  0 . 3  < P < 0.5 
Black marl in  x2 = 1.01,  d . f .  = 3, 0 . 7 < P < 0 . 8  
Blue m a r l i n  x 2  = 2.63, d . f .  = 3, 0 . 3 < P < 0 . 5  
S t r i p e d  marl in  x2  = 4.38 ,  d . f .  = 3, 0 . 2 < P < 0 . 3  
Swordfish x2  = 2.31 ,  d . f .  = 3, 0 . 5 < P < 0 . 7  

Depth of Capture  

Table  4 shows t h e  numbers of  l i v e  and dead f i s h  by s p e c i e s  caught  i n  
t h e  t h r e e  dep th  c a t e g o r i e s .  Except f o r  s h o r t b i l l  s p e a r f i s h ,  t h e  c o n d i t i o n  
of  be ing  a l ive  o r  dead w a s  n o t  dependent on dep th  of c a p t u r e .  
s p e a r f i s h ,  on t h e  o t h e r  hand, had a g r e a t e r  tendency t o  b e  a l ive  t h e  deeper  
they  were caught .  

S h o r t b i l l  

~ .. .. . . .. . . . . . . . ._ . . . .. . . . .. . . . . . . .. . - ~  ~~~ ~~ ~ 
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Table 4.--Numbers of l o n g l i n e  caught  b i l l f i s h c ? s  a l i v e  and dead by dep th  of 
c a p t u r e  . 

Species  
Depth of c a p t u r e  (m) 

0- 74 75-129 > 129  
Alive Dead Alive Dead Alive Dead 

S a i l f i s h  3 16  3 19  4 11 
S h o r t b i l l  s p e a r f i s h  5 23 1 5  35 1 6  18 
Black m a r l i n  2 10 6 9 1 7 
Blue marl in  34 79 42 111 34 78 
S t r i p e d  m a r l i n  48 32 68 66 54 44 
Swordfish 3 9 7 7 6 8 

S a i l f i s h  x2 = 1.12 ,  d . f .  = 2, 0 . 5 < P < 0 . 7  
S h o r t b i l l  s p e a r f i s h  x2 = 6.19, d . f .  = 2, 0.02 < P <  0.05 
Black marl in  = 2.85, d . f .  = 2 ,  0 . 2 < P < 0 . 3  
Blue m a r l i n  c2 = 0.34, d . f .  = 2,  0 . 8 < P < 0 . 9  
S t r i p e d  m a r l i n  X: = 1.75,  d . f .  = 2, 0 . 3 < P < 0 . 5  
Swordfish x = 1.76 ,  d . f .  = 2,  0 . 3 < P < 0 . 5  

Sur face  Temperatures 

The range  of s u r f a c e  tempera tures  a t  t h e  l o c a t i o n s  where t h e  l o n g l i n e  
w a s  set v a r i e d  w i t h  t h e  t h r e e  areas. North of  l a t .  10aN t h e  r ange  w a s  
22.9O-29.2"C w i t h  96% of  t h e  o b s e r v a t i o n s  above 25.0"C. Between l a t .  1O"N 
and 10"s s u r f a c e  t empera tu res  ranged from 15.8" t o  29.0"C w i t h  96% o f  t h e  
tempera ture  r e c o r d s  h ighe r  t han  23.0"C. 
tempera ture  r ange  w a s  22.9O-29.8OC. 
whether  t h e  f i s h  w a s  a l i v e  o r  dead when i t  w a s  brought  a l o n g s i d e  t h e  s h i p  
w a s  n o t  a f u n c t i o n  of s u r f a c e  tempera ture .  

South of  l a t .  10"s t h e  s u r f a c e  
Within t h o s e  tempera ture  r anges ,  

S i z e  

Comparisons were made of  t h e  s i z e s  of l i v e  f i s h  and dead f i s h .  For 
b l u e  mar l in ,  s t r i p e d  mar l in ,  and s h o r t b i l l  s p e a r f i s h ,  t h e  mean s i z e s  of t h e  
l i v e  f i s h  w e r e  g r e a t e r  t h a n  t h e  mean s i z e s  of  t h e  dead f i s h  w h i l e  t h e  
reverse w a s  t r u e  f o r  b l a c k  m a r l i n  and s a i l f i s h  (Table  5 ) .  Only i n  t h e  case 
of t h e  b l u e  m a r l i n  w a s  t h e  d i f f e r e n c e  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P c O . 0 5 ) .  
Apparent ly ,  l a r g e  b l u e  m a r l i n  are more l i k e l y  t o  s u r v i v e  t h e  c a p t u r e  p r o c e s s  
than  smaller ones.  The r e l a t i o n s h i p  is  i n d i c a t e d  c o a r s e l y  i n  F igu re  1 i n  
which t h e  pe rcen t  o f  l i v e  f i s h  i s  grouped i n  100-lb classes and p l o t t e d  
a g a i n s t  mean weight  . 

F i s h i n g  Dura t ion  

The mean f i s h i n g  d u r a t i o n  f o r  hooks t h a t  r e t u r n e d  dead f i s h  was h i g h e r  
t han  t h e  mean f i s h i n g  d u r a t i o n  of  hooks t h a t  r e t u r n e d  l i v e  f i s h  (Table  6 ) .  
Although t h i s  w a s  t r u e  f o r  a l l  s p e c i e s ,  o n l y  i n  t h e  cases of s a i l f i s h  and 
b l u e  m a r l i n  were t h e  d i f f e r e n c e s  s i g n i f i c a n t  a t  t h e  0.05 p r o b a b i l i t y  l e v e l .  
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Table 5.--Numbers, mean weights ,  and s t a n d a r d  deviat l lons of  l i v e  and dead 
b i l l f i s h e s  caught  on l o n g l i n e s .  

Number i n  sample Mean weight  (kg) Standard  d e v i a t i o n  
Al ive  Dead Al ive  Dead Alive Dead 

Spec ies  

S a i l f i s h  3 5 21.3 2 5 . 7  2.53 10.52 
S h o r t b i l l  s p e a r f i s h  14 9 14.0 13.8 3.52 3.92 
Black m a r l i n  3 9 65.6 142.1 61.23 61.44 
B l u e  mar l in  20 35 114.9 76.4 73.20 42.66 
S t r i p e d  m a r l i n  46 14 47.6 35.7 30.57 23.01 

S a i l f i s h  F = 0.48 
S h o r t b i l l  s p e a r f i s h  F = 0.02 
Black m a r l i n  F = 3.49 
Blue mar l in  F = 6.08* 
S t r i p e d  m a r l i n  F = 1.82 

* S i g n i f i c a n t  a t  0.05 level .  

(N.30) (N.8) 
I I I 

I 

I I I 

I I I 

WEIGHT (POUNDS) 
1 A 1 A 1 

1 I I I 
1-100 IO1 -1200 201 -300 30 I - 400 > 401 

WEIGHT CLASS (POUNDS) 

Figure  1.--Survival  of b l u e  m a r l i n  cap tu red  on l o n g l i n e  as r e l a t e d  t o  f i s h  s i z e .  



a 
Table  6.--Numbers, mean f i s h i n g  d u r a t i o n ,  and s t a n d a r d  d e v i a t i o n  of l i v e  

and dead b i l l f i s h e s  caught  on l o n g l i n e s .  

Spec ie s  
S tandard  Number i n  sample Mean f i s h i n g  

d u r a t i o n  (h)  d e v i a t i o n  F v a l u e  
Alive Dead Al ive  Dead Alive Dead 

S a i l f i s h  10  30 7.52 8.55 1.070 1 .203  5.84* 
S h o r t b i l l  s p e a r f i s h  35 42 8.70 9.02 1.359 1.140 1.25 
Black mar l in  8 11 8.87 9.41 0.809 1.360 0.94 
Blue mar l in  109 14 5 8.29 8.77 1.336 1.518 6.62* 
S t r i p e d  m a r l i n  158 92 8.50 8.83 1.397 1 .372  3.22 
Swordfish 1 2  7 8.29 9.96 1.425 2.562 3.40 

* S i g n i f i c a n t  a t  0 .05  l e v e l .  

Sources  of Data 

The d a t a  from t h e  t h r e e  s o u r c e s  (Table  7) w e r e  compared s p e c i e s  by 
s p e c i e s .  Because t h e  d a t a  from t h e  HL and t h e  SEFC were from s e p a r a t e  
oceans wi th  o n l y  two s p e c i e s  common t o  both  oceans,  t h e r e  were o n l y  two 
comparisons of  t h e  HL d a t a  and t h e  SEFC d a t a .  A l l  o t h e r  comparisons 
involved  t h e  FSFRL d a t a .  

Table  7.--Numbers of l i v e  and dead b i l l f i s h e s  caught  on l o n g l i n e s  by 
source  of d a t a ;  IIL (Honolulu Labora tory) ,  FSFRL (Fa r  Seas  F i s h e r i e s  
Research Labora tory) ,  and SEFC (Southeas t  F i s h e r i e s  Cen te r ) .  

Spec ies  

S a i l f i s h  
S h o r t b i l l  s p e a r f i s h  
Longb i l l  s p e a r f i s h  
Black m a r l i n  
Blue m a r l i n  
S t r i p e d  m a r l i n  
White m a r l i n  
Swordfish 

P a c i f i c  Ocean 

Alive Dead Alive Dead 
10  46 84 147 
36 76 131 156 

9 26 435 379 
110 268 674 512 
170 142 554 108 

1 6  24 86 49 

HL FSFRL 

-- -- -- -- 

-- -- -- -- 

A t l a n t i c  Ocean 

Alive Dead Alive Dead 
SEFC FSFRL 

72 74 7 

S a i l f i s h  x2 = 18.47, d . f .  = 3, F < 0.01 
S h o r t b i l l  s p e a r f i s h  x2 = 

= 12.53, d . f .  = 1, P . < O . O l  Longb i l l  s p e a r f i s h  
Black mar l in  x2 = 10.34, d . f .  = 1, P < O . 0 1  

x 2  =102.76 ,  d . f .  = 3 ,  P <  0.01 Blue m a r l i n  
S t r i p e d  m a r l i n  X, = 51.35, d . f .  = 1, P<O.O1 
White mar l in  = 11.47,  d . f .  = 1, P C O . 0 1  
Swordfish ;2 = 50.06, d . f .  = 3 ,  P<O.Ol  

6.03, d . f .  = 1, 0.01 < P < 0.02 
2 

x2 
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Genera l ly ,  t h e  p r o p o r t i o n  of l i v e  f i s h  r e t u r n e d  by t h e  l o n g l i n e s  of  
t h e  HL w a s  c o n s i d e r a b l y  lower than t h e  o t h e r s  and t h e  p r o p o r t i o n  of l i v e  
f i s h  r e t u r n e d  by t h e  l o n g l i n e s  of t h e  FSFRL was c o n s i d e r a b l y  h i g h e r  t han  
t h e  o t h e r s .  The comparison between t h e  d a t a  from t h e s e  two l a b o r a t o r i e s  
r e s u l t e d  i n  ch i -square  v a l u e s  beyond t h e  0 .01  p r o b a b i l i t y  l eve l  f o r  sail-  
f i s h ,  b l a c k  mar l in ,  b l u e  m a r l i n ,  s t r i p e d  m a r l i n ,  and sword f i sh ,  and beyond 
t h e  0.02 p r o b a b i l i t y  level f o r  t h e  s h o r t b i l l  s p e a r f i s h .  

Chi-square tests of l i v e  b i l l f i s h e s  r e t u r n e d  by t h e  Japanese  r e s e a r c h  
s h i p s  as compared t o  Japanese  commercial s h i p s  i n  t h e  A t l a n t i c  Ocean were 
h i g h l y  s i g n i f i c a n t  f o r  l o n g b i l l  s p e a r f i s h ,  b l u e  m a r l i n ,  and w h i t e  m a r l i n  
and i n s i g n i f i c a n t  f o r  s a i l f i s h  and swordf i sh .  

D I S C U S S I O N  

E igh t  v a r i a b l e s  were i n v e s t i g a t e d  f o r  t h e i r  e f f e c t  on b i l l f i s h e s  
caught  on l o n g l i n e s  a r r i v i n g  a t  t h e  f i s h i n g  vessel a l i v e .  The most 
impor tan t  v a r i a b l e  i n  t h i s  r e s p e c t  w a s  s o u r c e s  of  d a t a .  That t h e  propor- 
t i o n  of  l i v e  b i l l f i s h e s  brought  t o  t h e  s h i p  should  d i f f e r  w i t h  t h e  t h r e e  
l o n g l i n e  f i s h i n g  groups,  i . e . ,  t h e  HL exper imenta l ,  t h e  FSFRL expe r imen ta l ,  
and t h e  Japanese  commercial, i s  n o t  a l t o g e t h e r  unexpected because  each 
group probably  h a s  its own gea r  des ign ,  hand les  t h e  l i n e  d i f f e r e n t l y ,  and 
f i s h e s  d i f f e r e n t  amounts o f  gea r .  

On t h e  b a s i s  of amount of gea r  f i s h e d  t h e  r e s u l t s  w e r e  s u r p r i s i n g .  
On t h e  ave rage  t h e  HL s h i p s  se t  60 u n i t s  of gea r ,  t h e  FSFRL s h i p s  set  100 
u n i t s  of gea r ,  and Japanese  commercial s h i p s  se t  300 u n i t s  of  gea r .  
Because t h e  ra te  of  l i v e  f i s h  i s  r e l a t e d  t o  f i s h i n g  d u r a t i o n  and f i s h i n g  
d u r a t i o n  is p r o p o r t i o n a l  t o  t h e  amount of gea r  se t ,  one would expec t  t h e  
h i g h e s t  r e t u r n  of  l i v e  b i l l f i s h e s  t o  be  from t h e  HL s h i p s .  I n  a c t u a l i t y  
i t  had t h e  l eas t .  I have no exp lana t ion  f o r  t h i s .  

The mean f i s h i n g  d u r a t i o n  f o r  dead f i s h  w a s  c o n s i s t e n t l y  l o n g e r  than  
t h e  mean f o r  l i v e  f i s h  a l though  t h e  d i f f e r e n c e  w a s  s t a t i s t i c a l l y  s i g n i f i -  
c a n t  f o r  o n l y  two s p e c i e s .  The s u r v i v a l  of caught  f i s h  i s  expec ted  t o  be  
a f u n c t i o n  of how long  t h e  f i s h  w a s  on t h e  l i n e  from t h e  t i m e  i t  w a s  
hooked t o  t h e  t i m e  i t  w a s  p u l l e d  t o  t h e  s h i p  which i n  t u r n  w a s  a f u n c t i o n  
of  f i s h i n g  d u r a t i o n .  I f ,  f o r  example, t h e  p r o b a b i l i t y  of c a t c h i n g  a f i s h  
on a g iven  hook i s  equa l  f o r  a l l  i n s t a n t s  of  t i m e  t h a t  t h e  hook i s  i n  t h e  
w a t e r ,  i . e . ,  a f i s h  i s  j u s t  as l i k e l y  t o  s t r i k e  a hook a t  one i n s t a n t  of  
t i m e  as any o t h e r  i n s t a n t  of t i m e ,  t hen  t h e  ave rage  l e n g t h  of  t i m e  a f i s h  
i s  on t h e  l i n e  h y p o t h e t i c a l l y  would be  one-half  of f i s h i n g  d u r a t i o n .  I 
expec t ,  however, t h a t  t h e  p r o b a b i l i t y  f u n c t i o n  of when a hook c a t c h e s  a 
f i s h  t o  be  much more complex than  t h e  example g iven  and would i n c l u d e  
such  f a c t o r s  as t h e  d i f f u s i o n  rate of b a i t  odor s  and t h e  a t t r a c t i v e n e s s  
and c o n d i t i o n  of  t h e  b a i t  used. 

T h i s  s tudy  h a s  shown t h a t  t h e  g r e a t e s t  d i f f e r e n c e  i n  t h e  p r o p o r t i o n  
of  l i v e  b i l l f i s h e s  brought  t o  t h e  s h i p  depends on who i s  doing  t h e  f i s h -  
ing .  
of one f i s h e r y  t o  ano the r ,  such  as a t t e m p t i n g  t o  p r e d i c t  t h e  number of  
l i v e  b i l l f i s h e s  expec ted  i n  t h e  Japanese  commercial l o n g l i n e  f i s h e r y  i n  
t h e  P a c i f i c  Ocean from t h e  r e s u l t s  of  t h e  H L  d a t a  o r  t h e  FSFRT, d a t a .  

T h i s  be ing  t h e  case, i t  would be  i n a p p r o p r i a t e  t o  app ly  t h e  r e s u l t s  
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